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(57) Abstract: An electrical equipment 
10 cabinet is provided to contain heat-gen- 




erating electrical equipment. The cabinet 
includes an enclosure having at least one 
access opening and a door providing a 
closure for the access opening. When open, 
the door permits access to the electrical 
equipment and when closed maintains 
a substantially closed environment in 
the interior of the cabinet. An air-to-air 
crossflow heat exchanger is removably 
engaged with and supported by the door 
for removing heat from the interior of the 
cabinet while maintaining the substantially 
closed environment within the cabinet. 
The heat exchanger defines a first air flow 
path for air drawn from the exterior of 
the cabinet and a second air flow path for 
air drawn from the interior of the cabinet. 
The first and second air flow paths are 
perpendicular to, and substantially isolated 
from, one another. A fan is mounted in an 
interior region of the door for circulating 
air through at least one of the first and 
second air flow paths. 
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HEAT EXCHANGER FOR SEALED CABINETS 

FIELD OF THE INVENTION 
The present invention relates to an electrical equipment cabinet or the like, 
in which an air-to-air heat exchanger is used for cooling the equipment in the 
5 cabinet. More specifically, the invention relates to an electrical cabinet having a 
modular, crossflow heat exchanger mounted on the cabinet door. 

BACKGROUND OF THE INVENTION 
Outdoor electrical equipment cabinets are often used to protect sensitive 
electronic equipment such as telecommunications equipment from tampering, 

10 vandalism and adverse environmental conditions. The electronic components 
housed in the cabinets produce heat when operating. Therefore, a cooling system 
is required to remove the heat from the cabinets. As the electronic components 
become smaller and operate at higher power densities, cabinets need to dissipate 
heat more efficiently. 

1 5 One example of a conventional outdoor electrical equipment cabinet is 

disclosed in U.S. 4,535,386 (Frey, Jr. et al.). This cabinet employs a heat 
exchanger to dissipate internally generated heat. The heat exchanger exchanges 
heat between the air in the cabinet and the ambient air outside the cabinet, without 
allowing the interior and ambient air to mix. In this way, a substantially closed or 

20 sealed environment can be maintained within the cabinet, while still allowing for 
adequate heat dissipation. The heat exchanger is located in the main portion of the 
cabinet, in proximity to the electronics requiring cooling. However, the presence 
of the heat exchanger in the cabinet can interfere with the cables used to 
interconnect the various electronic components, making the routing of these cables 

25 somewhat more difficult. Also, since the heat exchanger occupies a significant 
amount of space, the cabinet must usually be made larger to accommodate it. 

U.S. 5,467,250 (Howard et al.) discloses an electrical equipment cabinet 
that employs a door-mounted heat exchanger so that the heat exchanger does not' 
occupy internal space required for the electrical equipment while maintaining a 

30 closed or sealed environment within the cabinet. An arrangement of ducts and 
vents is used to force interior and exterior air through channels in the heat 
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exchanger using powered fans mounted within the main portion of the cabinet. 
The mounting of the heat exchanger on or within the door of the cabinet makes 
more efficient use of the space available within the cabinet. 

However, the heat exchanger employed in Howard et al. is a parallel flow 
5 heat exchanger in which the channels conducting interior -air are parallel to the 
channels conducting exterior air. The housing in which the heat exchanger is 
located contains two sets of interdigitated vents for conducting internal and 
external air through the heat exchanger. In order to ensure that the flow of exterior 
air remains isolated from the flow of interior air, each set of interdigitated vents 

1 0 must be in precise registration with either the channels conducting interior air or 
the channels conducting exterior air. One problem with this arrangement is that its 
manufacturing and assembly is difficult because of the precise tolerances involved. 

There is thus a need in the art for a heat exchanger adapted for use in 
electrical equipment cabinets which is easy to assemble and which is not 

1 5 dependent on stringent manufacturing tolerances. These and other needs are met 
by the present invention, as hereinafter described. 

SUMMARY OF THE INVENTION 
In accordance with the present invention, an electrical equipment cabinet is 
provided to contain heat-generating electrical equipment. The cabinet includes an 

20 enclosure having at least one access opening and a door providing a closure for the 
access opening. When open, the door permits access to the electrical equipment 
and when closed maintains a substantially closed environment in the interior of the 
cabinet. An air-to-air crossflow heat exchanger is removably engaged with and 
supported by the door for removing heat from the interior of the cabinet while 

25 maintaining the substantially closed environment within the cabinet. The heat 

exchanger defines a first air flow path for air drawn from the exterior of the cabinet 
and a second air flow path for air drawn from the interior of the cabinet. The first 
and second air flow paths are perpendicular to, and substantially isolated from, one 
another. A fan element is mounted in an interior region of the door for circulating 

30 air through at least one of the first and second air flow paths. 

In accordance with one aspect of the invention, the fan element includes a 
pair of fans located adjacent to one another. In some embodiments, a baffle is 

-2- 
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located between the pair of fans for dividing the flow path into two parallel air 
flow paths that are substantially isolated from one another. 

In accordance with another aspect of the invention, the cabinet also 
includes upper and lower air flow plenums, which are mounted to an interior 
5 surface of the door. The cross-flow heat exchanger element is supported between 
the air flow plenums in a removably engagable manner. 

In accordance with yet another aspect of the invention, the door includes 
first and second external air vents conducting external air through one of the air 
flow paths. 

10 In accordance with another , aspect of the invention, the door includes a 

panel separating the interior region of the door and the interior of the enclosure 
when the door is closed. The panel may include first and second interface slots for 
conducting air from the interior of the enclosure to one of the air flow paths and 
not the other air flow path. 

1 5 In accordance with another aspect of the invention, a third fan is mounted 

in the interior of the door for circulating air through the other of the first and 
second air flow paths. The third fan may include a second pair of fans located 
adjacent to one another. 

In accordance with yet another aspect of the invention, a second baffle is 

20 located between the second pair of fans for dividing the other of the first and 

second air flow paths into two parallel air flow paths that are substantially isolated 
from one another. 

In accordance with another aspect of the invention, at least one baffle is 
provided for mixing air conducted out of the outflow openings of the heat 
25 exchanger so that the temperature uniformity of air in the second air flow path is 
enhanced. The baffle may be. integrated with the lower air flow plenum. 

In accordance with another aspect of the invention, the fan is mounted on a 
surface of the heat exchanger such as the intake or outflow surface of said heat 
exchanger. * 
30 In accordance with another aspect of the invention, an interior region of the 

door extends outward from the enclosure so that the enclosure does not include the 
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interior region of the door. Alternatively, the interior region of the door may be 
located substantially within the enclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view of an outdoor electrical cabinet incorporating a 
5 door-mounted, air-to-air heat exchanger in accordance with the present invention. 
FIG. 2 is an exploded perspective view of the modular heat exchanger, 
including the cross-flow core, fans, and an external circuit air filter. 

FIG. 3 shows an exemplary cross-flow heat exchanger core that may be 
employed in the present invention. 
10 FIG. 4 is an assembled view of the modular heat exchanger shown in FIG. 

2. 

FIG. 5 shows the housing outer shell of an alternative embodiment of the 
invention in which baffles are employed to enhance thermal mixing of the interior 
air flow. 

15 DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 illustrates an outdoor electrical equipment cabinet 10 incorporating a 
door-mounted, air-to-air heat exchanger in accordance with the present invention. 
The cabinet includes a base 12, side walls 14, a roof 16, and the door/heat 
exchanger unit 18. The cabinet contains a number of equipment racks or channel 

20 banks (not shown), which are located on shelves provided in the cabinet. The 
interior of the door contains an air-to-air crossflow heat exchanger, which will be 
described in detail shortly, for exchanging heat between the interior and exterior of 
the cabinet. 

FIG. 2 shows an exploded perspective view of the door/heat exchanger 
25 unit, which includes housing outer shell 20 and door panel 22. The assembled unit 
is shown in FIG. 4. Housing outer shell and panel join together to form an interior 
space in which an inner housing is located. Housing outer shell includes inflow 
vents 24 and outflow vents 26. The inner housing, which contains heat exchanger 
28, includes intake plenum 21 and exhaust plenum 23 that are mounted to the 
30 housing outer shell. The plenums 21 and 23 extend toward the interior of the 
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housing outer shell and are configured so that the heat exchanger can be retained 
and supported therein in a conveniently removable manner. 

In the embodiment of the invention depicted in FIGS. 1 and 2, the interior 
space of the^oor/heatgseha^ outward fro m the cabinet so that the 

5 interior space^of&ej oof/heat exchanger unit is separate and apart from the cabinet 
interior, where the electrical equipment is located. This arrangement maximizes 
the space within the cabinet interior reserved for electrical equipment, and is also 
advantageous because the heat exchanger can be serviced without accessing the 
cabinet interior. In other embodiments of the invention, however, the interior 

1 0 space of the door/heat exchanger unit is located within the interior of the cabinet. 
This arrangement may be preferred when the interior space reserved for electrical 
equipment does not need to be maximized with respect to the overall exterior 
dimensions of the cabinet. 

The single-pass cross-flow heat exchanger element 28 is of conventional 

1 5 design, being formed from a dip-brazed arrangement of folded aluminum sheets 
separated by flat plates. As best seen in FIG. 3, the crossflow heat exchanger 
element has alternating layers of vertical channels 43 and horizontal channels 45. 
Each layer includes a multiplicity of channels. The vertical channels terminate in 
two planes, only one of which is visible in FIGS. 2 and 3, which respectively 

20 contain inflow and outflow openings. In FIG. 2, the inflow openings of the vertical 
channels are generally denoted by reference numeral 47. The horizontal channels 
also terminate in two planes, only one of which is visible in FIGs. 2 and 3, which 
respectively contain inflow and outflow openings. In FIG. 2, the outflow openings 
of the horizontal channels are generally denoted by reference numeral 48. The 

25 vertical and horizontal channels are physically isolated from one another so that air 
flowing in the vertical channels is physically isolated from air flowing in the 
horizontal channels. A heat conductive sheet separates the vertical and horizontal 
channels from one another so that they are in good thermal contact with one 
another. 

30 The heat exchanger element 28 is situated in the plenums so that the inflow 

vents 24 of the outer housing shell 20 are aligned with the inflow openings of the 
horizontal channels 45 of the heat exchanger element. The heat exchange element 
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is provided with a retainer plate 27. Likewise, the outflow vents 26 of the outer 
housing shell 20 are aligned with the outflow openings of the horizontal channels 
45 of the heat exchanger. Accordingly, the horizontal channels are exposed to air 
outside the sealed cabinet. The cabinet is provided with a filter 29 to remove 
5 contaminants from the outside air. The filter is secured in place in a filter channel 
having a top 61 and a bottom 63 (see FIG. 5). The cabinet may also be provided 
with an insect screen angle 71. 

Panel 22 includes a first interface slot 35 for conducting internal air from 
the interior of the cabinet 10 to the inflow openings of the vertical channels 43 of 

10 the heat exchanger 28. Panel 22 also includes a second interface slot 37 for 

conducting internal air from the outflow openings of the vertical channels 43 of the 
heat exchanger 28 back into the interior of the cabinet 10, and a latch assembly 26 
for securing the panel to the cabinet. 

A first pair of fans 50 is mounted to the intake side 47 of the vertical 

15 channels 43 to draw internal air into the heat exchanger and force it through the 
vertical channels 43. Likewise, a second pair of fans 52 is mounted to the output 
side 48 of the horizontal channels 45 to draw external air through the horizontal 
channels. 

In operation, air exterior to the cabinet 10 is drawn through the intake vents 
20 24 of outer housing shell 20 so that external air flows into the horizontal channels 
45. The air exits the horizontal channels 45 and flows through output vents 26 of 
outer housing shell 20 to exit the cabinet 10. 

Internal air containing heat generated by the electrical equipment within the 
cabinet 10 is drawn into the intake openings of the vertical channels 43 of the heat 
25 exchanger element 28. The internal air is conducted through the vertical channels 
43 and exits the heat exchanger via the output openings of the vertical channels 43. 
In this way the heat contained in the internal air is transferred to the outside air 
flowing through the horizontal channels 45 of the heat exchanger element 28 by 
the combination of forced convection and conductive heat transfer. 
30 From the foregoing description, it will be appreciated that a continuous re- 

circulating flow of interior air is maintained through the equipment located in the 
cabinet 10, interface slots 35 and 37, and the vertical channels 43 of the heat 
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exchanger element 28. At the same time, a separate flow or circuit of outside air is 
drawn in through the vents 24 of the outer housing shell 20, forced through the 
heat exchanger element 28 by means of the fans, and then passes out of the cabinet 
10 through the vents 26 in outer housing shell 20. Since the internal and external 
5 flow circuits are isolated from each other and do not mix, the environment within 
the cabinet 10 remains sealed while heat is removed from the interior of the cabinet 
by means of the heat exchanger element 28. 

To ensure that the outside circuit of air does not mix with the internal 
circuit of air, the inner housing (which includes intake plenum 21, exhaust plenum 
1 0 23, heat exchanger element 28 and panel 22) may be provided with a sealant that 
prevents leakage of air between the terminal ends of the horizontal and vertical 
channels. The sealant, which may be a silicon compound, for example, should b e 
provided along the lines where the plenums, heat exchanger element and panel 22 
_ meet. 

15 In one embodiment of the invention, the vertical (internal) circuit of air is 

separated into two air flows that operate in parallel with one another. In FIG. 2, 
this is accomplished by integrating a baffle 39 with the air intake plenum 21. 
When the heat exchanger 28 is placed between the plenums 21 and 23, baffle 39 
contacts the inflow openings of the vertical channels 43 of the heat exchanger, 

20 dividing the vertical channels 43 into two sets. 

The baffle 39 prevents air from being communicated between the two sets 
of channels, thereby creating in effect two parallel circuits of air that flow through 
the vertical channels 43 independently of one another. The horizontal, or external, 
circuit of air may also be divided into two parallel circuits in the same manner as 

25 the internal circuit. For example, as shown in FIG. 2, a baffle 41 is located 

between the individual fans in the second pair of fans 52 to create two separate and 
independent flow paths for the external air flow circuit. 

By dividing the horizontal and vertical circuits of air into two discrete 
parallel flow paths, the present invention advantageously remains effective even if 

30 one of the fans in each set should fail. For example, if one of the fans that force air 
through the vertical channels should fail, the circuit of air associated with the 
remaining operable fan will continue to flow normally. Accordingly, the failure of 

-7- 
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a single fan will only reduce the performance of the heat exchanger by about 50%. 
On the other hand, if a fan should fail in absence of baffle 39, the performance of 
the heat exchanger will be reduced by much more than 50% because the inoperable 
fan effectively "short-circuits" the operating fan's normal draw of air (flow path). 
5 In this case the air would uselessly re-circulate through the operating fan while 
back-flowing through the inoperable fan; virtually no air flow would be forced 
through the vertical channels, and the performance reduction of the heat exchanger 
would approach 100%. 

It is common in single-pass cross-flow heat exchangers for the air to exit 

10 the heat exchanger element with a non-uniform temperature distribution. This is 
because the majority of heat transfer occurs near the inlets of the external flow 
circuit in the heat exchanger element, where the external air flow is the coolest. 

If, in the electronics cabinet, the air travels only a short distance between 
the second interface slot 37 and the electronics rack being cooled, there is 

1 5 insufficient thermal mixing and this non-uniform temperature profile can persist 
into the electronics rack. As a result, one side of the electronics rack will receive 
warmer air than the other and the electronic equipment on that side will not be as 
effectively cooled. 

In an embodiment of the invention shown in FIG. 5, the exhaust plenum 23 
20 includes three baffles 40 x , 40 2 and 40 3 to ameliorate this problem. The baffles 40i, 
40 2 and 4O3 are designed to promote mixing and a more uniform temperature 
profile at the exhaust slot. In FIG. 5, rear baffle 40i is biased against the wall of 
the exhaust plenum 23 nearest the inflow vents 24 and extends at least halfway to 
the opposing wall of the exhaust plenum 23. The two front baffles 40 2 and 40 3 are 
25 equal in size and have a length that is less than the rear baffle 40i. The baffles 40 2 
and 40 3 are symmetrically located against the opposing walls of the exhaust 
plenum 23. Computer simulations have been performed which demonstrate that 
this arrangement of baffles results in a flow of internal air that has a more uniform 
temperature profile as it returns to the interior of the cabinet via the second 
30 interface slot 37. Of course, the present invention is not limited to the number or 
arrangement of air-mixing baffles 40 shown in FIG. 5. Rather, the present 
invention contemplates the provision of any number and arrangement of air-mixing 

-8- 
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baffles 40, the size and location of which may be empirically determined for any 
given application to achieve the desired degree of temperature uniformity within 
the electronics cabinet. 

The three baffles 40 in the exhaust plenum 23 also serve a second purpose 
5 in that they also help to retain and support the weight of heat exchanger element 
28, which in some configurations may weigh upwards of 50 pounds. 

The preceding description of the present invention is merely illustrative, 
and is not intended to be limiting. Therefore, the scope of the present invention 
should be construed solely by reference to the appended claims. 

10 
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What is claimed is: 

1 . In an electrical equipment cabinet that includes an enclosure 
adapted to contain heat-generating electrical equipment and a door providing a 
closure for an access opening into the enclosure, a heat exchanger arrangement, 
5 comprising: 

an air-to-air crossflow heat exchanger removably engaging with, and being 
supported by, the door for removing heat from the interior of said cabinet while 
maintaining a substantially closed environment within said cabinet, said heat 
exchanger defining a first air flow path for air drawn from the exterior of said 
1 0 cabinet and a second air flow path for air drawn from the interior of said cabinet, 
said first and second air flow paths being perpendicular to one another and 
substantially isolated from each other; and 

at least one fan mounted within the door for circulating air through at least 
one of said first and second air flow paths. 

1 5 2. The heat exchanger arrangement of claim 1 , comprising a pair of 

fans located adjacent to one another, and a baffle located between said pair of fans 
for dividing the at least one flow path into two parallel air flow paths substantially 
isolated from one another. 

3. The heat exchanger arrangement of claim 1, further comprising 

20 upper and lower air flow plenums mountable to an interior surface of the door, said 
cross-flow heat exchanger element being supported between said air flow plenums 
in a removably engagable manner. 

4. The heat exchanger arrangement of claim 1, wherein said door 
includes first and second external air vents conducting external air through one of 

25 said air flow paths. 

5. The heat exchanger arrangement of claim 1 , wherein said fan 
circulates air through the first air flow path. 
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6. The heat exchanger arrangement of claim 2, wherein said pair of 
fans circulate air through the second air flow path. 

7. The heat exchanger arrangement of claim 3, further comprising a 
third fan mounted in the interior of the door for circulating air through the other of 

5 the first and second air flow paths. 

8. The heat exchanger arrangement of claim 7, wherein said third fan 
comprises a second pair of fans located adjacent to one another, and a second 
baffle located between said second pair of fans for dividing said other of the first 
and second air flow paths into two parallel air flow paths substantially isolated 

1 0 from one another. 

9. The heat exchanger arrangement of claim 1, wherein said heat 
exchanger has intake and outflow openings located in said second air flow path, 
and further comprising at least one baffle for mixing air conducted out of the 

- outflow openings of the heat exchanger so that temperature uniformity of air in the 
1 5 second air flow path is enhanced. 

1 0. The heat exchanger arrangement of claim 4, wherein said heat 
exchanger has intake and outflow openings located in said second air flow path, 
and further comprising at least one baffle for mixing air conducted out of the 
outflow openings of the heat exchanger so that temperature uniformity of air in the 

20 second air flow path is enhanced. 
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Fig- 1 
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